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bilities and functions to the International Joint Commission (IJC).







































and to the State and Provincial governments. The Agreement also directed the
establishment of a Research Advisory Board with specified Terms of Reference
to carry out these functions and responsibilities in support of the IJC.
This report was prepared for the Research Advisory Board by its Research
Needs Committee. The issues and needs defined in this report are recommended
for consideration to the Parties of the Great Lakes Water Quality Agreement
and to the State and Provincial governments as the most important research to
improve Great Lakes water quality. Thesuccess of this IJC effort should be
measured not only by an assessment of the adequacy of this report, but by the
influence that this document has upon the research programs in the United
States and Canada.
Many of the ideas, suggestions and contributions to this report were
received from Great Lakes experts within and external to the Research Advisory
Board Committees through a 1976 Research Needs Workshop (March 1-3, 1976),
planning meetings and correspondence. Without the efforts of the workshop
participants and others identified in the appendices, this report could not
have been prepared. Our thanks also go to Pat Bonner for editorial assistance
and to Dennis Konasewich, Helen Kozak, and Jean Laforge, all of the IJC Windsor
Office, who made significant contributions.
Herbert E. Allen J. Douglas Roseborough
Member, Research Needs Committee Member, Research Needs Committee
Eugene J. Aubert Andrew E. P. Watson
Chairman, Research Needs Committee Secretariat, IJC Windsor Office
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 Research needs related to Great Lakes water quality have beendeveloped
as an essential step in the resolution of Great Lakes water quality issues.
In this context, a Great Lakes water quality issue has been defined as a
perceived or anticipated problem of significant magnitude which adversely
affects the uses of the Great Lakes System and which requires research and
executive or political decision. The most important and sensitive uses are
drinking water and aquatic life. Others are recreation, aesthetics, industry
and agriculture. Thetotal Great Lakes water quality system includes the
natural environment (physical system and aquatic ecosystem), human activities
which utilize the Great Lakes water resources and interact with the natural
environment (economic activities), waste management activities to maintain
satisfactory water quality (technological activities) and water quality
related social, political or institutional activities.
The process of identifying research needs of Great Lakes water quality
involved the identification and ranking of water quality issues in order of
importance within the total Great Lakes System and then the identification of
research needed to resolve these issues. The process involved the identifi-
cation and ranking of ecological issues, technological issues, economic
issues, and social, political and institutional issues. Human health issues
were incorporated within the ecological issues category. Following a series
of discussions to define the scope of the Great Lakes System pertinent to
water quality and to find the best approach to develop research needs, per-
tinent information was collected through the process of a workshop. Experts
were invited to participate in group discussions on a predetermined set of
potential issues, Great Lakes water quality related activities and research
needs, and to develop a uniform set of information for each issue and research
need.
The workshop identified issues perceived as critical, essential or
necessary to Great Lakes water quality. Issues of low prioritywere not
considered. The information resulting from this workshop was analyzed to
improve the organization of the material and to eliminate redundancy. Several
of the lower ranked issues were deleted. In this report, the research needs
are organized in terms of three groups of issues: ecological issues, techno-
logical issues, and social, economic and political issues. Details of the
identification process are contained in Appendix A.
It is recognized that the identification of future critical issues
requires forecasting future problems of society, an imprecise process at best.
Even though a group of some 70 experts participated in the preparation of this
report, their combined perceptions do not preclude the identification of new
critical issues in future years. Nevertheless, the issues and needs listed in
this document represent the best assessment presently available.
A summary of the most important Great Lakes water quality issues is












































































































































































































































































































































































































































































































































































































































































































































































































staffs in the responsible agencies.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of the effort expended in sample collection and analysis.
NEED: ECOL 1—4




























































































































































































IMPORTANCE: The halogenated hydrocarbons in drinking water from the Great
Lakes may be carcinogenic, a problem to human health. Furthermore, halo—




















Solution to the problems is of major economic importance.
NEED: ECOL 2-1
Determination of Effects of Chlorinated Hydrocarbons in Drinking Water on
Human Health
OBJECTIVE:
To evaluate the known or potential effects on human health of chlorinated




















tions equal to maximum levels found in drinking water.
To determine long—term, low-level chronic effects.
13






































































































































































































































































































To distinguish compounds formed in the chlorination process from chlorinated
compounds in the raw waters.
NEED: ECOL 2-4
Identification and Sources of Precursors of Chlorinated Hydrocarbons in
Drinking Water
OBJECTIVE:
To identify the compounds serving as precursors of chlorinated hydrocarbons in
drinking water especiallythose of high potential health hazard.
To determine their sources.
NEED: ECOL 2-5
Determination of the Behavior and Fate of Chlorinated Hydrocarbons
OBJECTIVE:
To evaluate the environmental behavior and fate in the Great Lakes of chlor-
inated hydrocarbons formed by chlorination of water and waste water; including
















































































































































































































































































Development of an Analytical and Sampling Methodology for Toxic Elements
OBJECTVVE:

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 NEED: ECOL 4-4
Determination of the Dynamics of PCBs within Great Lakes Ecosystems
OBJECTIVE:
To determine the persistence of PCBs the rates at which they are exchanged
among the various compartments of the Great Lakes ecOsystems and the rate at
which they are removed from those systems.
To develop better means to control the magnitude of their deleterious effects.
NEED: ECOL 4-5
Establishment of Trends of PCB Concentrations in the Great Lakes
OBJECTIVE:
To measure on a continuing basis the levels of PCBs in selected significant
components of the Great Lakes ecosystems.
To determine trends in the levels of the PCBs and their breakdown products
in order to evaluate the threat to the environment from these compounds and to
evaluate control efforts.
NEED: ECOL 4-6
Evaluation of Potential Problems of PCB Substitutes
OBJECTIVE:
To evaluate the effects of the suggested PCB substitutes in order to prevent
environmental degradation and hazard to human or aquatic organisms.
ISSUE: ECOL 5 (CRITICAL)
IDENTIFICATION OF ENDANGERED SPECIES
 
STATEMENT: LOSSES OF ANIMAL OR PLANT FORMS CAUSED BY CHRONIC ENVIRONMENTAL
STRESS CANNOT BE PREDICTED, NOR, IN MANY CASES, CAN THE EARLY SYMPTOMS OF
ECOSYSTEM CHANGE BE RECOGNIZED. THE EFFECTS OF SOME STRESSING AGENTS ARE
SUBTLE, PERHAPS SYNERGISTIC, AND OFTEN VARY IN THEIR EFFECTS ON VARIOUS
TROPHIC LEVELS BECAUSE OF BIOMAGNIFICATION. MANY PRESENT AND FUTURE STRESSORS
HAVE YET TO BE IDENTIFIED. AN EARLY WARNING CAPABILITY COULD FORESTALL
ECOSYSTEM DAMAGE.
IMPORTANCE: Revenue, jobs and recreational opportunities are lost because of
the disappearance or reduction of fish stocks and other elements of the biota.
Managers cannot evaluate the relative costs of protection now vs. restoration
later. Balanced stable aquatic communities, especially the fish, reflect the
health of the waters in general and then provide a safeguard to human health
and well-being. Replacement of lost, endemic, adapted forms is not assured.
The preservation of these unique organismsis important for present and future













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































radiation dose to man.
22
 NEED: ECOL 8—3
Determination of the Long—Term Removal and Resuspension Processes for Radio-
nuclides in the Great Lakes
OBJECTIVE:
To determine the effects of bioturbation, currents, storm activity and lake
morphology on sedimentation rate and the distribution of radionuclides in the
sediments and their influence on the long-term availability of radionuclides
to return to the water column by resuspension.
NEED: ECOL 8-4
Determination of the Effect of Extreme Changing of Water Quality on the Availa-
bility of Radionuclides to the Water Column
OBJECTIVE:
To determine the physical—chemical interaction of each nuclide as it may be
affected by changing conditions, e.g. dissolved 02, E , pH, complexing capacity
of the water column over lifetimes greater than several hundred years and for
changes in water quality.
ISSUE: ECOL 9 (CRITICAL)
RELATIONSHIP OF HUMAN HEALTH TO ASBESTIFORM MINERALS IN WATERS
STATEMENT: ASBESTIFORM MINERALS ARE PRESENTLY ENTERING THE AIR AND WATERS OF
THE GREAT LAKES. INSUFFICIENT DATA EXIST TO PERMIT ADEQUATE EVALUATION OF THE
HUMAN HEALTH IMPLICATIONS OF THESE MINERALS AND THUS DEVELOPMENT OF PROTECTIVE
WATER QUALITY OBJECTIVES FOR THE GREAT LAKES CANNOT PROCEED.
IMPORTANCE: High doses of inhaled asbestos lead to an increase in gastric and
pulmonary cancer in man; waterborne asbestos may play a role in human carcino-
genesis.
NEED .' ECOL 9-1
Development of Standard and Improved Methods of Measurement of Asbestiform
Materials
OBJECTIVE:
To develop standard methods for (1) transmission electron microscopy, (TEM)
the primary analytical tool, and (2) selected short-cut methods that can be
related to TEM results for use in routine monitoring of air and water.
To compare interlaboratory precision and accuracy of existing analytical
methods and eventual standard methods.
To develop improved methods of measurements.
To develop standard methods for the collection, storage and preparation of air
and water samples for asbestiform mineral analysis by TEM and short-cut methods
such as, for example, X-ray diffraction.
23














































































































































































































































































































































































































































































































































































ISSUE: ECOL 10 (ESSENTIAL)
RELATIONSHIPS BETWEEN THE NEARSHORE ZONE AND THE OPEN WATERS OF THE GREAT
LAKES
STATEMENT: ADVERSE EFFECTS ON THE NEARSHORE ZONE AND TRIBUTARY WATERS RESULT
PRIMARILY FROM DEVELOPMENT OF SHORELINE PROPERTY, ENGINEERING WORKS INCLUDING
DAMS OR CHANNELIZATION, POWER DEVELOPMENTS AND VARIOUS MODIFICATIONS TO TRIBU-
TARY STREAMS AND THEIR ESTUARIES, DRAINAGE AND LANDFILL ON WETLANDS' SITES OR
OTHER ALTERATIONS TO THE WATERSHED. IT IS NOT KNOWN HOW MUCH COASTAL ZONE
MODIFICATION CAN BE ACCOMMODATED WITHOUT INDUCING EITHER A DELETERIOUS QUANTA-
TIVE 0R QUALITATIVE CHANGE IN PRODUCTIVITY OF THE TOTAL LAKE SYSTEM AS IT MAY
HAVE EXISTED IN THE PRE—1930's.
IMPORTANCE: (A) Social — Changes induced could result in loss of recreational
and educational opportunities, conflicts over diminished resources,
depreciation of aesthetic values and a potential erosion of environmental
ethics.
(B) Economic - Induced perturbations could create a loss of revenue becauseof
quantitative or qualitative reduction in yield to commercial and sports
fisheries, a decrease in tourism and associated or supportive enterprises
or increased costs of environmental protection (e.g. construction of





















(a) Losses of spawning, nursery grounds and feeding areas of adfluvial
fishes and associated biota of genetic stocks adapted for fluvial,
estuarine or nearshore survival;
(b) potential reduction or qualitative composition of profundal fauna
through environmental alteration;
(c) alteration or obliteration of macrophyte beds;



















(f? disruption in the annual regime of nutrient transfer and energy
cascades between the organic sector of nearshore waters and that
of the limnetic and profundal outer waters;
(9) entrainment, thermal shock and infringment of aquatic organisms;
(h) stranding of eggs, benthos or other biota through drawdown;
(i) creation of tidal zone (alternately exposed and inundated by
water level fluctuations) and associated losses in productivity;
(j) adverse effects on waterfowl populations and associated wetlands
biota through landfill, drainage or water level fluctuations.
25

























































































































































































































































































































































































































COMPOUNDS CAN CAUSE TASTE AND ODOUR PROBLEMS, DIRECTLY OR THROUGH BIOMAG-
NIFICATION ENDANGER CERTAIN FORMS OF AQUATIC LIFE OR FISH—EATING BIRDS, AND/
OR CAN PRESENT HUMAN HEALTH HAZARDS.
26
 MPORTANCE: Identification of these compounds along with the existing or
potential problems they may cause and determination of their properties and
behaviour in the environment could provide a basis for the development of
adequate preventive and corrective measures.
NEED: ECOL ll—l
Identification and Monitoring of Potentially Dangerous Organic Compounds
OBJECTIVE:
To identify potentially dangerous organic substances which will bioaccumulate
in the higher level of the Great Lakes food chains.
To provide an early identification of potential problem compounds by monitoring.
To develop a monitoring system strategy.
NEED: ECOL 11—2




To determine the types, amounts, and sources of harmful industrial organics in
the Great Lakes.
To complete an inventory of the types andamounts of industrial chemicals used
in the basin and a chemical examination of industrial and municipal wastes.
NEED: ECOL 11-3
Development of Biological Screening Techniques for Harmful Organics in Waste
Waters
OBJECTIVE:
To develop a biological screening method as an indicator of the presance of
toxic compounds in complex effluents.
To, therefore, identify the causative components.
NEED: ECOL 11—4
Evaluation of the Effects of Dibenzofurans and Dibenzodioxins on Great Lakes
Biota
OBJECTIVE:
To identify and quantify the levels in the Great Lakes of dibenzofurans and
dibenzodioxins which are present in a number of industrial products, have high
potential for bioaccumulation, and, are extremely toxic.




































































































































































































































































































































































































































































































































































































































































 NEED: ECOL 12—2
Determination of Different Indicators of Sewage Pollution of Water
OBJECTIVE:
To establish additional or alternative indicators of pathogenic microbial
pollution to replace fecal coliform count as an indicator of contamination of
water by bacterial, viral and fungal pathogens.
NEED: ECOL 12-3
Establishment of Monitoring Techniques
OBJECTIVE:
To develop improved monitoring techniques for bacterial, viral and fungal
pathogens.
NEED: ECOL 12—4
Assessment of Non—Clinical Diseases
OBJECTIVE:
To conduct epidemiological surveys for systems of non-clinical disease associated
with body—contact recreationin Great Lakes waters.
NEED: ECOL 12—5
Assessment of Prevalence of Waterborne or Potentially Waterborne Disease
OBJECTIVE:
To develop and assess information on infectious dose, prevalence of infection
and immunity in the general population, and rate of excretion of infectious
agents for a variety of diseases, including those of lesser clinical signifi-
cance.
To use these data to predict the occurrence of public health risks at bathing
beaches as a function of bacteriological water quality.
ISSUE: ECOL l3 (ESSENTIAL)
GEOGRAPHIC RELATIONSHIP OF MORTALITY AND MORBIDITY T0 DRINKING WATER QUALITY
STATEMENT: SOME DISEASE STATES SUCH AS CARDIOVASCULAR DISEASE AND CANCER ARE
CORRELATED WITH DRINKING WATER QUALITY. RESEARCH ON THESE MATTERS IS HAMPERED
BY LACK OF UNIFORMITY AND CLARITY IN THE REPORTING PROCEDURES OF VARIOUS





















































































































































































































































































































important social and economic consequences.
NEED: ECOL 14-1





















viruses in the production of cancer by use of animal studies.


















STATEMENT: ST. LOUIS ENCEPHALITIS, NOW ENDEMIC ALONG THE UNITED STATES—

















INTO RESERVOIRS AND VECTORS WOULD HELP PREDICT THE DANGER 0F INFECTION AND
HELP PLAN COUNTER MEASURES. THE ROLE OF WETLANDS AND WATER LEVELS IN THE
INCREASE IN THE NUMBER OF MOSQUITOES IS UNCLEAR. THE EFFECTIVENESS AND EFFECTS
OF CONTROL MEASURES ON WATER QUALITY HAVE NOT BEEN EVALUATED.
IMPORTANCE: Mosquito-borne encephalitis can cause death and pennanent brain
damage, particularly in children. The cost of vector control is great and the
control methods may have a major impact on the ecology of the area. The










































































































































































































































































































































































































































































































































































processes of the resource are unclear.
NEED: ECOL 16-1











































































of Stress on Biological Communities
OBJECTIVE:









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































applying sludge to land and using spray irrigation.
To determine the potential hazards to human health.
NEED: ECOL 17-4











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































components of aquatic communities in the Great Lakes.
35

























































































































































































































































































































































































































































































































































































































































































 NEED: ECOL 19-4
Development of Subclinical Human Disease Data
OBJECTIVE:
To develop information on the health of persons living along water distribu—
tion systems at varying distances from the treatment plant and of people
living at varying distances downstream from a sewage outfall where their water






























STATEMENT: HALOGENATED PESTICIDES, PARTICULARLY CHLORINATED HYDROCARBON



























































































































































































as the uses of the more common chlorinated pesticides are phased out. The




















to the fish and wildlife and their consumers.
NEED: ECOL 20—1
Determination of the Effects of Halogenated Pesticides on the Biota
OBJECTIVE:
To determine the effect levels of halogenated pesticides on sensitive organ-
isms and their populations.
NEED: ECOL 20-2
Identification of Sources of Halogenated Pesticides to the Great Lakes
OBJECTIVE:
To determine the tributary and atmospheric sources of pesticides that have
been identified as present or potential threats for the Great Lakes.
To quantify the inputs from each source.
37
















































indicators and evaluate trends with time.
NEED: ECOL 20-4





























































































































































































































REQUIREMENTS FOR ECOLOGIC UNDERSTANDING TO FORMULATE WATER QUALITY GOALS




















BIOTA, IT IS NOT PRACTICAL OR POSSIBLE TO DEFINE WATER QUALITY OBJECTIVES
REQUIRED TO MAINTAIN, RESTORE OR REDUCE TAXA.
IMPORTANCE: It is necessary to understand the environmental interactions and
requirements of taxa, to define alternative community structuresas a basis
for evaluating the social and economic costs and benefits at various levels




































































biota and fish communities.
NEED: ECOL 21-3










































Determination of Ecological Significance of Aquatic Bacteria
OBJECTIVE:
To obtain quantitative data concerning the environmental factors which affect
the rates of nutrient recyclingand organic decomposition by heterotrophic
aquatic bacteria.
To determine the ecological rate of bacterial nitrification in the Great
Lakes.
NEED: ECOL 21—5
Improvement of Ecological Theory for Fisheries Use
OBJECTIVE:
To deVelop a better theoretical basis for rehabilitating the depreciated fish
stocks of the Great Lakes.
To determine whether stability can be attained at various levels of maturity
if the stress is relaxed, or whether the systems will always trend towards the
climax conditions.
To increase management ability to recreate stable and high quality fiSheries








































































































































































































































































































































































































































































































































































































































































































































































































 NEED: ECOL 22-2































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in enhancing or suppressing toxicity.
NEED: ECOL 25—2














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SLUDGE HANDLING, UTILIZATION AND DISPOSAL
Evaluation of Regulation and Controls Relating to the Practice of Sludge
Utilization on Agricultural Lands
Development of Sludge Pretreatment Methods to Enhance Utilization
Development of Alternate Disposal Methods for Sludges Unacceptable for Land
Applications
Evaluation of Sludge Handling Techniques Related to Utilization or Ultimate
Disposal
IMPACT OF LAKE WA
TER QUALITY ON PO
TABLE WATER SUPPL
Y









IMPACT AND CONTROL OF OIL POLLUTION
Assessment of Oil Films and Sedimented Oils as Concentration/Transport Mechanisms
Evaluation of the
Assimilative Capa














Effects of Low Le
vels of Surface O
ils on Waterfowl
Reproduction
Treatment of Oil Contaminated Sediments










Programs on Great Lakes Water Quality
Evaluation of Pro
cess Effectivenes














S 0F WASTE TREATM
ENT SYSTEMS
Development of En










Collection, Storage and Treatment
HAZARDOUS CHEMCIAL SPILLS
Evaluation of Long-Term and Short—Term Effects of (Catastrophic) Chemical Spills
LAND DISPOSAL OF LIQUID EFFLUENTS
Clarification of Transport Processes of Industrial/Municipal Wastes
Development of Criteria for the Design, Operation and Monitoring of Systems for


















































































































































































































































































































































































































































































































loading to water treatment plants.
NEED: TECH l—2








































































 NEED: TECH 1—3
Evaluation of Cooling Tower and Condenser Effluent Treatment Alternatives
OBJECTIVE:
To assess alternative mechanisms for defouling cooling tower and condenser
effluents.
To determine minimal levels of chlorine application to achieve objectives.
To determine persistence of chlorinated compounds formed and their effects
on aquatic life.
NEED: TECH 1-4
Evaluation of Water Supply Treatment Alternatives
OBJECTIVE:
To determine if chlorinated organics present in drinking water are generated
as a result of their formation in wastewater disinfection, or in the water
treatment process itself.
To examine water treatment technologies to determine if they canbe modified
to minimize the production of such compounds in finished water by removal of
organics either prior to or following the disinfection stage.
NEED: TECH 1—5
Evaluation of Stormwater Disinfection
OBJECTIVE:
To determine if disinfection of Stormwater is required and whether improved
technology and management procedures should be developed.
NEED: TECH 1-6
Development of Innovative Wastewater Treatment Techniques
OBJECTIVE:
To develop innovative wastewater treatment techniques which will achieve
required water quality objectives for organic and inorganic pollutants, as
well as a high level of biological kill.
NEED: TECH 1—7
Determination of Water Qualiterroblems Generated by Disinfection
OBJECTIVE:
To assess the formation and longevity of biologically unacceptable substances
by chlorine and alternative disinfection methods.
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 To identify the compounds formed by addition of disinfectants to wastewaters,
and the conditions under which formation occurs.
To assess the effects of such substances on all levels of aquatic biota and
on human health.
ISSUE: TECH 2 (CRITICAL)
REMOVAL OF HAZARDOUS SUBSTANCES
 
STATEMENT: BECAUSE OF THEIR LONGEVITY AND POTENTIAL TOXICITY AND/OR CARCIN—
OGENICITY, HAZARDOUS MATERIALS IMPACT IMMEDIATELY, SUBSTANTIALLY, AND IN AN
OBVIOUS MANNER ON WATER QUALITY. THESE MATERIALS INCLUDE A BROAD RANGE OF
ORGANIC COMPOUNDS, SUCH AS HALOGENATED PESTICIDES AND POLYHALOGENATED BIPHENYLS,
AND A VARIETY OF INORGANIC SUBSTANCES, INCLUDING ASBESTIFORMS AND HEAVY
METALS, SUCH AS CADMIUM AND MERCURY.
IMPORTANCE: The discharge of hazardous materials to water sources and their
presence therein, even in trace amounts, may render these waters unsafe or
unsuitable for use from the standpoints of both public health and ecologic
preservation.
NEED: TECH 2—1
Development of Cost—Effective Control Technology for Removal of Hazardous
Organic Substances
OBJECTIVE:
To protect the waters of the Great Lakes for public health and ecological
uses.
To identify those organic constituents or classes of compounds in the waters
of the Great Lakes which are potentially hazardous.
To evaluate the effectiveness of biological and physicochemical methods in
removal of these compounds based on treatability determinations.
To develop design and cost criteria for both gross and specific removal
techniques such as carbon adsorption and chemical oxidations.
To identify contaminants which cannot be removed within reasonable cost
projections and will have to be reduced or eliminated through source control,
product substitution or possibly bioconcentration and harvesting.
NEED: TECH 2-2
Development of Cost-Effective Control Technology for Removal of Hazardous
Inorganic Substances
OBJECTIVE:
To protect the waters of the Great Lakes for public health and ecological
uses.
To develop improved methods for removal of trace quantities of hazardOus in-
organic substances, specifically heavy metals, from large flow waste streams
at lower cost.
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 ISSUE: TECH 3 (CRITICAL)
CONTROL OF RUNOFF - RELATED POLLUTION
STATEMENT: RUNOFF FROM PRECIPITATION AND OTHER CONTAMINATED NON-POINT
SOURCE WATERS ANNUALLY CONTRIBUTES A MAJOR SHARE OF THE TOTAL POLLUTION
INPUT TO THE GREAT LAKES. WATER QUALITY IS DIRECTLY AFFECTED BY HIGH
CONCENTRATIONS OF AN ALMOST UNIVERSAL VARIETY OF CONTAMINANTS FOUND IN
THESE NON-POINT SOURCE WASTES.
IMPORTANCE: As point sources are eliminated or reduced, non—point source con-
tributions become more significant. In many instances desired levels of water
quality control cannot be met or maintained by point source control and abate-
ment alone.
NEED: TECH 3-1
Assessment of Mass Emission Rates and Source Identification
OBJECTIVE:
To assess emission rates of soluble and particulate pollutants from runoff
and non—point sources.
To identify sources from such categories as: (1) land use, (2) soil type and
geology, (3) land fills, (4) septic tanks, (5) feedlots, (6) chemical spills,
(7) atmospheric precipitation and (8) storm sewers, of hazardous substances
as well as nutrients, BOD, and other non—hazardous pollutants.
To provide data for the implementation of management and control procedures
to regulate the major sources.
To provide data which will accurately consider large storm flows and base
flows as opposed to data based on fixed time intervals (e.g. one per week)
which statistically will miss the peak flows during which most sediment is
transported.
NEED: TECH 3—2
Evaluation of Structural and Non—Structural Alternatives
OBJECTIVE:
To evaluate non—structural techniques such as sewer flushing, improved street
sweeping, air emission control of pollutants of water quality significance,
flow retardation through porous pavement, and storm sewer water storage.
To evaluate structural control techniques such as the development of cost-
effective treatment or control systems for individual homes applicable to all
drainage situations, and sediment control techniques to control erosion from
Construction projects and certain critical land areas.
To develop from these evaluations structural and non-structural controls,
source controls, or high-rate processes for high volume intermittent flows.
































































































































































































































































































































































































































uniform and rational design criteria for various unit processes.























Development of Wastewater Treatment Plant Operation Strategy, Control
Methodology and Process Instrumentatigg
UﬁlﬂECTIIDQZ:
To develop plant operational strategies based on influent conditions and
effluent requirements to optimize unit process efficiencies for removing
contaminants in large and small municipal/industrial waste treatment
plants.
To evaluate the dynamic process control methodology concept based on
diurnal/seasonal conditions to be applied to individual unit processes
to enable cost-effective operation.
To develop robust, reliable, direct—reading sensor/output systems to
achieve the perceived process control objectives.
ISSUE: TECH 5 (CRITICAL)
DREDGING AND DREDGED MATERIAL DISPOSAL
STATEMENT: DREDGING MAY IMPAIR WATER QUALITY BY RESUSPENSION OF CONTAMINANTS
AND SEDIMENT AT THE DREDGING SITE AND BY CHANGES IN FLOW AND SEDIMENTATION
PATTERNS.
DISPOSAL IMPACTS RESULT FROM BOTH OPEN WATER AND CONFINED DISPOSAL.
OPEN WATER DISPOSAL LEADS TO SHORT-TERM IMPACTS ON THE WATER COLUMN AND
THERE MAY BE A LONG—TERM EFFECT ON BENTHOS AND ASSOCIATED AQUATIC COMMUNITIES.
CONFINED DISPOSAL CAN HAVE A SHORT—TERM EFFECT ON NEARSHORE WATERS
THROUGH CONTAMINATED OVERFLOW AND A LONG-TERM EFFECT ON SURFACE AND
GROUND WATER THROUGH TRANSPORT OF CONTAMINANTS.
IMPORTANCE: The ecological impact of dredging can be reduced by the
development and application of improved methods to prevent resolution,
resuspension and transport of contaminants. Beneficial use of dredged
material and development of'metnods to reduce sedimentation can materially
reduce costs. The reduced turbidity and improved beneficial use of
spoils may provide substantial social benefit.
NEED: TECH 5-1
Development of Technology for Containment and Stabilization of Highly
Contaminated Sediments
OBJECTIVE:
To develop methods for the permanent containment and stabilization of highly
contaminated sediments.
To develop procedures for treatment of outflows at the time of dredging.
To develop chemical or physical means of preventing subsequent leaching or
mobilization of the contaminants.
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 NEED: TECH 3~2
Evaluation of Differential Empacts of Disposal Methods
  
ﬂBJEUTIVE:
To evaluate the significance of suspended materials and chemical contaminants
associated with dredged sediments to Great Lakes water quality.
To evaluate short— and long—term effects of dredged material on disposal in
open water and confined areas with emphasis on persistent chlorinated
hydrocarbons (PCBs), pesticides, heavy metals, aquatic plant nutrients
(nitrogen and phosphorus), oils and persistent petroleum products.
To develop methodology to predict the environmental impact of alternative
disposal methods.
NEED: TECH 5-3
Evaluation of Beneficial Uses of Dredged Material
OBJECTIVE:
To develop appropriate technology to determine the suitability and methods for
various uses of representative types of dredged material including use in
construction material, landfill cover, wetland creation, and soil improvement.
NEED: TECH 5—4
Development q£_Iechnology for Dewatering Dredged Material
OBJECTIVE:
To increase storage capacity by developing methods of dewatering confined
disposal areas.




To develop methods of minimizing sediment transport to and within dredged
waterways to avoid degradation of water quality.
To review the socio-economic decision—making process which determines the
need and frequency for dredging operations.
54
 NEED: TECH 5—6





























































































































































































































































































































































































































































































To review the rationale behind their preparation and adoption.


























Development of Sludge Pretreatment Methods to Enhance Utilization
OBJECTIVE:

























































































































































































 NEED: TECH 7—1
Assessment of the Efficiency of Potable Water Treatment for the Removal of
Trace Contaminants and Pathogens from Water Supplies
OBJECTIVE:
To assess the removal of total and specific organic and other trace contaminants
by potable water treatment unit processes and unit operation design and/or
modification.
To evaluate the use of polyelectrolytes as the sole coagulant for pathogen
removal from raw waterof otherwise high quality.
NEED: TECH 7—2
Determination of Types and Magnitudes of Trace Contaminants in Water Supplies
OBJECTIVE:
To ascertain the occurrence of natural and man—made trace contaminants in
raw and treated water supplies.
To investigate the need to standardize both the methodology for sampling
and the qualitative and quantitative analysis for trace contaminants.
NEED: TECH 7—3
 
Evaluation of Alternative Potable Water Disinfection Procedures
OBJECTIVE:
To determine how best to avoid or minimize halogenated organic compound
formation during potable water treatment.
ISSUE: TECH 8 (ESSENTIAL)
IMPACT AND CONTROL OF OIL POLLUTION
STATEMENT: OIL, GREASE, AND OTHER PETROLEUM DERIVATIVES DEGRADE WATER
QUALITY BY:
(A) INTERFERING WITH THE LIFE CYCLES OF AQUATIC ORGANISMS AND WILDLIFE;
(B) ACTING As VEHICLES FOR OTHER DELETERIOUS SUBSTANCES (E.G. CHLORINATED
HYDROCARBON PESTICIDES, PCBs, HEAVY METALS AND OTHER OIL SOLUBLE
MATERIALS);
(C) IMPARTING TASTE AND ODOR TO FISH AND DOMESTIC WATER SUPPLIES;
(D) BEING AESTHETICALLY OFFENSIVE;
(E) FOULING RECREATIONAL AREAS AND INTERFERING WITH INDUSTRIAL USE
OF WATER.
IMPORTANCE: Oil pollution causes disruption of aquatic communities, increases
treatment cost, decreases the marketability of fishery resources, increases
loss of recreational revenue and use, and diminishes aesthetic acceptability.














































































































































































































































To investigate the recuperative pathway of ecosystems after catastrophic oil
spills so that remedial actions can be designated to speed recovery.
NEED: TECH 8-4
Development of Bioassays Suitable to Predict Environmental Effects of Oil
OBJECTIVE:
To develop bioassay dosing techniques which present aquatic organisms with
appropriate concentrations of water soluble fractions, emulsions, sedimented
fractions and surface contaminants.
To better model actual exposures to oils.
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NEED: TECH 8-5
Improvement of Clean—up Technology
 
OBJECTIVE:
To develop technology for the clean—up of large spills on the Great Lakes which









To determine the effects of dispersants in the Great Lakes.
To develop methodology for the disposal of waste material from clean-up
operations.
NEED: TECH 8-6
Evaluation of the Effects of Low Levels of Surface Oils on Waterfowl
Reproduction
OBJECTIVE:
To verify under natural conditions, the small scale laboratory experiments
which have illustrated the deleterious effect of small amounts of oil on the
hatchability of eggs.
NEED: TECH 8—7
Treatment of Oil Contaminated Sediments
OBJECTIVE:
To develop special techniques to remove and dispose of oil and/or sediment
from oil contaminated sediments without causing additional damage.
NEED: TECH 8—8
Regulation of Oil Spills
OBJECTIVE:
To develop implementation strategies for present regulations for preventing
oil spills.
To develop requirements for additional regulations.
ISSUE: TECH 9 (NECESSARY)
NUTRIENT POINT SOURCE CONTROL FOR MUNICIPAL/INDUSTRIAL WASTES
STATEMENT: THE ABILITY TO REDUCE AND/OR ELIMINATE NUTRIENT INPUTS TO THE
GREAT LAKES SYSTEM IS OF GREAT IMPORTANCE. BENEFICIAL RESULTS WILL INCLUDE
REDUCED RATES OF EUTROPHICATION IN THE GREAT LAKES AND EASIER USE OF THE LAKES


























































































































































































































































































































































































































































To evaluate these techniques with respect to existing methodology.
NEED: TECH 9-4
Evaluation of Cost-Effectiveness of Alternative Nutrient Control Strategies
OBJECTIVE:
To evaluate seasonal nutrient control practices, in relation to Great Lakes
water quality nutrient budgets and dissolved oxygen levels.
To evaluate the feasibility of localized control criteria (i.e. tributaries
and metropolitan areas) to meet the requirements of nearshore water quality.
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 ISSUE: TECH lO (NECESSARY)
OPTIMIZATION AND COST—EFFECTIVENESS OF WASTE TREATMENT SYSTEMS
STATEMENT: TRADITIONALLY, COST REDUCTION IN WASTE TREATMENT HAS BEEN
ATTEMPTED PRIMARILY THROUGH IMPROVED PROCESS DESIGN. A VARIETY OF WASTE
MANAGEMENT SYSTEM OPTIONS EXIST WHICH SHOULD BE EVALUATED DURING THE PLANNING
PROCESS (i.e. REGIONALIZATION, DUAL-USE, ETC.). COST—EFFECTIVENESS PROCESS
AND SYSTEM MODELLING CAPABILITIES ARE NOT AVAILABLE TO MUNICIPAL DECISION-
MAKERS.
IMPORTANCE: Development of more cost—effective methods for construction and
operation of waste treatment systems will permit achievement of a greater
number of water quaZity objectives for a given level of funding, or fiscal
resources, for poZZution oontroZ facilities.
NEED: TECH lO—l
Development of Energy and Cost Conservation Designs and Assessment of Methods
of Construction and Operation
OBJECTIVE:
To develop unit process models relating energy requirements, costs and per-
formance as a function of design and size to permit optimization for both
liquid and sludge processing operations.
To utilize the development of alternative process control strategies and
identification of instrumentation and automation needs.
To evaluate materialsand methods of construction which could reduce costs
of wastewater treatment facilities.
NEED: TECH 10—2
Development of Cost-Effective Area-Wide Management Alternatives for
Wastewater Collection, Storage and Treatment
OJJECTIVE:
To develop a decision—making protocol based on a series of illustrative test
cases or, if possible, an executive program incorporating unit process cost
models and sewage collection system cost functions.
To assess locally the applicability of systems options including:
(a) regionalization of waste treatment facilities in total or
by specific function such as sludge disposal, carbon
regeneration and refuse~sludge disposal;
(b) centralized operational management of satellite treatment
facilities;
(c) dual use of wet and dry weather flow storage and treatment
facilities of liquids and associated sludges;























































































































































































































































































































































































































































































ISSUE: TECH 12 (NECESSARY)
LAND DISPOSAL OF LIQUID EFFLUENTS
STATEMENT: THE ECOLOGICAL AND HUMAN HEALTH IMPACTS OF LAND DISPOSAL OF
LIQUID EFFLUENTS ARE UNCLEAR. AS THIS PRACTICE IN CERTAIN SITUATIONS IS THE
MOST ECONOMIC AND PRACTICAL ALTERNATIVE, THE GAP IN KNOWLEDGE ABOUT ITS
IMPACTS COULD LEAD TO IMPROPER OR INAPPROPRIATE IMPLEMENTATION OR PREVENT ITS
USE WHEN ITS USE IS FEASIBLE.
IMPORTANCE: Improper application of liquid waste effluents to land sites
leads to eventual contamination of both surface and ground water resources.
The resultant degradation of water quality can pose both human health and
eco logical hazards .
NEED: TECH 12-1
Clarification of Transport Processes of Industrial/Municipal Wastes
OBJECTIVE:
To identify which components of industrial/municipal wastes are likely to be
transported to the lakes from land disposal sites.
To determine the mechanisms of transport, as a function of the type of waste,
the type of soil, climatic conditions and application procedure.
To determine the effect of such transport on lake water quality.
To determine how such transport can be prevented.
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 NEED: TECH 12—2
Development of Criteria for the Design, Operation and Monitoring of Systems
for Land Disposal of Liquid Wastes
OBJECTIVE:
To evaluate existing land disposal systems.
NEED: 12—3
Disposal of Hazardous Wastes
OBJECTIVE:
To determine the water quality effects of disposal of hazardous wastes in
landfills.
To develop alternative means of disposing of hazardous wastes which are














































































































































































































































































































































































































































































































   























































































































































































































































































































































































































































































































































































































































































































































































































   
ALTERNATE ENERGY SOURCES






Identification of Agencies, their Functions and Jurisdictions








Development of Models for Decision-Making Methods
Development of Public Understanding of International Joint Commission
Responsibilities
IMPROVED FORECASTING TECHNIQUES AND SCENARIOS AND CUMULATIVE LONG—TERM EFFECTS
OF CONSUMPTIVE USE
Development of Forecasting System Scenarios of Water Transportation
Improvement of Fo
recasting Techniq
ues for Primary I
ndustries














UNEVEN APPLICATION OF WATER QUALITY REGULATION
Location Analysis
Economic Impact A




The Definition and Identification of Economic Regions
The Definition and Identification of Administration Regions
Comparative Analysis
COMMERCIAL SPORT FISHING POTENTIAL
Prediction of Impact
Definition of Alternate Uses of Water Resources






















































































































































































































































































































































































































































































































































































































































































IMPORTANCE: Unless water quality management is guided by broader social
goals, all will have to bear the long—range political, economic and,eoological
consequences of "irrelevant planning".
NEED: SEP l-l
Identification of Public Plans and Goals
OBJECTIVE:
To identify what Great Lakes Basin residents believe they want for their
future modes and quality of life.
To consider what implications these desires pose for short-term and long-term
water management strategies.
NEED: SEP 1—2
Stimulation of Attitude Change
OBJECTIVE:
To identify incentives and techniques for stimulating changes in public
attitudes toward societal goals to facilitate improved water quality through
voluntary rather than enforced actions.
NEED: SEP 1-3
Identification of Principles for Integrating Water Quality and Related Water
and Land Resource Planning and Management
OBJECZTVE:
To provide controls for insuring that all planning and management activities
will complement each other.
To broaden the social goals for guiding water quality management.
To develop procedures for all agencies to use and apply principles listed.
68
SSUE: SEP 2 (CRITICAL)
GUIDELINES T0 EVALUATE SOCIAL AND ECONOMIgﬁFACTORS IN WATER QUALITY DECISIONS
STATEMENT: N0 SOUND METHODOLOGIES EXIST TO ASSESS THE RELATIONSHIP BETWEEN
WATER QUALITY DECISIONS AND SOCIO—ECONOMIC SYSTEMS.
IMPORTANCE: No representation of the environment is complete if it lacks
biological, chemical, physical, social or economic factors. Without a method
for including all the impacts, the total environment cannot be considered in















































































































































































































































   
 ISSUE: SEP 3 (CRITICAL)
SOCIAL—ECONOMIC—ENVIRONMENTAL—ENERGY (SEEE) IMPACTS OF DEVELOPMENT
STATEMENT:
CURRENTLY THERE ARE INADEQUATE METHODS OF ASSESSING THE ENERGY
IMPACTS OF PROPOSED DEVELOPMENTS AND CULTURAL PRACTICES AND EVALUATING THESE
ALONG WITH SOCIAL, ECONOMIC AND ENVIRONMENTAL IMPACTS (BOTH CUMULATIVE AND
INDIVIDUAL) 0N WATER AND RELATED LAND RESOURCES.
THEREFORE, THE ENERGY
IMPACT ELEMENT IS MISSING FROM INPUTS FOR POLICY MAKING AND IMPLEMENTATION RE
GREAT LAKES BASIN WATER AND LAND RESOURCE MANAGEMENT.
THE COST (SEEE) PRO—
JECTION FOR DEVELOPMENT OR CULTURAL PRACTICES DO NOT REFLECT ENERGY EXPENDI-
TURES FOR THEIR ACCOMPLISHMENT,





environmental and energy impact and analysis













































































































 NEED: SEP 3-3



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































water quality in the Great Lakes.
NEED: SEP 4—2































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































potential socio—economic and biophysical consequences.
74
NEED: SEP 5—2
Determination of Relationship of Costs of Water Control to Other Operating Costs
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































To identify publics to inform.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ISSUE: SEP 8 (CRITICAL)
PUBLIC PARTICIPATION IN DECISION-MAKING
STATEMENT: THE EXISTING DECISION—MAKING PROCESSES PRECLUDE EFFECTIVE AND
CREDIBLE PUBLIC PARTICIPATION IN WATER QUALITY PLANNING AND MANAGEMENT.
LMPORTANCE: The existing decision-making structures do not provide for the
incorporation of objective social, economic and political considerations of
the public to balance the technical aspects in water quality planning. The
result is decisions based on incomplete information.
NEED: SEP 8—1
Examination of Legal Requirements for Public Involvement
OBJECTIVE:
To examine present legal requirements for public involvement and develop
additional or alternative requirements.
To insure the public's right to participate, especially in Canada.
To increase the credibility of both public and private agencies or groups.
To provide an effective channel for conflict prevention, management and reso-
lution.
To open up the planning process to those who may otherwise be excluded.
NEED: SEP 8—2
Assessment of the Representativeness of Public Inputs
OBJECTIVE:







































































































































































































































































































































































































































































































































































































































































































































































































































































Investigation of Alternative Energy Sources, Implementation of Energy Conservation
 
OBJECTIVE:
To develop a social and economic basis for establishment of guidelines and
economic reinforcement measures for active and passive energy conservation
technique applications (solar, wind, tidal, geothermal, organic, etc.).
To identify all possible alternate energy sources for the Great Lakes Basin.
To evaluate the alternate sources identified in terms their social, economic






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 ISSUE: SEP—ll (ESSENTIAL)
IMPROVED FORECASTING TECHNIQUES AND SCENARIOS AND CUMULATIVE LONG—TERM AFFECTS
OF CONSUMPTIVE USES
STATEMENT: THE FUTURE IMPACT OF PRIMARY INDUSTRIES (AGRICULTURE, FORESTRY,
MINING, POWER GENERATION) AND WATER TRANSPORTATION ON WATER QUALITY IS NOT
CLEAR. PREDICTIONS CANNOT BE MADE WITHOUT ESTIMATES OF FUTURE WATER NEEDS
AND USES. THESE ESTIMATES COULD BE PRODUCED BY USING TECHNIQUES OF SYSTEMS
ANALYSIS AND TECHNOLOGICAL FORECASTING, INCLUDING ANTICIPATED NET LOADINGS
OF NUTRIENTS, PESTICIDES, SEDIMENTS, METALLIC IONS, ETC., WHICH INPUTS
CHANGE THE QUALITY AND CAPABILITY OF THE WATER TO FULFILL NEEDS AND USES.
IMPORTANCE: Improved forecasting techniques and scenarios for these primary
sectors is critical for accurate assessment and to highlight important
areas for exploration of the social, economic and ecological effects.
These can lead to a better basis for integration and policy, leading to
improved water quality by prevention rather than cure. The cumulative
effect of all consumptive uses amounts to millions of gallons of water per
day. This volume on an overall basis will have a considerable effect on
the water quality and water supply. Consideration of the total consumptive
uses would indicate the costs to neighbouring users and the downstream

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and local governmental units on the location decisions of
firms.
To identify the type of industry most susceptible to differing waste discharge
policies.
To utilize this analysis and identification in developing more coordination
of waste discharge policies between economic and agency units.
NEED: SEP 12-2
Economic Impact Analysis of the Water Quality Agreement
OBJECTIVE:
To analyze the economic effects resulting from the enforcement of the terms
of the Water Quality Agreement and of the 1972 amendments to PL92—500, the
U.S. Federal Water Pollution Control Act.
To determine the uniformity of these impacts across the Great Lakes Basin on
a regional (urban/rural) and international basis.
ISSUE: SEP 13 (NECESSARY)
REGIONAL DELINEATION
 
STATEMENT: REGIONS HAVE NOT BEEN DEFINED ON THE BASIS OF SOCIAL OR ECONOMIC
CRITERIA. THE INTERRELATIONSHIPS BETWEEN SOCIO—ECONOMIC AND ADMINISTRATIVE
REGIONS HAVE NOT BEEN ANALYZED AND THEIR SIGNIFICANCE IN PLANNING AND POLICY
ORIENTATION IS UNCLEAR. HOMOGENEOUS CHARACTERISTICS WITH RESPECT TO THE
GREAT LAKES REGION OR ITS SUB—REGIONS HAVE NOT BEEN IDENTIFIED.
IMPORTANCE: Administrative regions are not the same as economic regions, nor
are they necessarily useful planning units for economic analysis and analysis
and planning. This often leads to research and policies that do not relate
effectively to economic, social or environmental needs of an area.
NEED: SEP 13—1
The Definition and Identification of Economic Regions
OBJECTIVE:
To identify the principles (homogeneity, modality, etc.) of economic regional
delineation for application to the Great Lakes Basin area.
To identify multiple and overlapping regions for the specific research and



















































































































































































































































































































































































































































































































































































































Interlinkage of Commercial and Sport Fishing
OBJECTIVE:
To analyze competition or compatibility between Great Lakes commercial and
sport fishing in relation to the total recreation activity.
ISSUE: SEP 15 (NECESSARY)
EFFECTIVENESS OF PRESENT LAWS TO REQUIRE CLEAN-UP AND PREVENT FURTHER
DETERIORATION OF WATER QUALITY
STATEMENT: LEGISLATION AND ITS APPLICATION IS THE MOST CONCRETE, BINDING AND
PUBLIC ARTICULATION OF SOCIETAL VALUES AND PRIORITIES. IT IS NOT KNOWN IF
CURRENT LEGISLATION AND STANDARDS PROVIDE NECESSARY PROHIBITIONS AGAINST LAND
OR WATER USES TO PREVENT FURTHER POLLUTION 0R ADEQUATE INCENTIVES TO WATER
USERS TO ABATE PRESENT OR TO AVOID FUTURE POLLUTION. IT IS NOT CLEAR IF THEY
PROVIDE A DETERRENT; WHETHER THE THREAT OF THEIR USE IS EFFECTIVE; IF THE
PRESENT SYSTEMS PROVIDE CLEAR STATEMENTS OF PURPOSE, POLICIES AND GUIDELINES
(T0 ADMINISTRATORS AND FIELD STAFF AND THE PUBLIC).
IMPORTANCE: Without adequate and enforceable laws which are based on sound
principles of environmental protection and comprehensive goals and purposes,








































































































































































































 NEED: SEP 15-3
Determination of the Cost and Benefits of Citizen Suits
 
OBJECTIVE:
To analyze the problems and benefits associated with providing citizens the
rights to challenge water quality standards in court.
NEED: SEP 15—4
Assessment of Legislated Water Quality Standards and the Adeqpacy of the
Decision-Making Process in Their Development
OBJECTIVE:
To scrutinize the adequacy of present standards.
To provide sufficient scientific and public input for the process of setting
standards.
To ensure the best decision to protect the water as a life—support system;
and to ensure water availability in sufficient quantity and quality for the
necessary and desirable uses that can be made of it.
ISSUE: SEP 16 (NECESSARY)
SOCIAL AND ECONOMIC IMPLICATIONS OF LAND AND WATER BASED TRANSPORTATION
STATEMENT: THE ROLE OF TRANSPORTATION AS A CAUSE OF WATER QUALITY DEGRADATION
IS UNCLEAR.
IMPORTANCE: Transportation affects industrial and population movements
(direct physical effects, induced efjects, growth patterns, industrial and
residential growth, etc.). These movements, in turn; influence the water use
and resulting water qualities of the Great Lakes. The interrelationships of
such movements have not been analyzed and need to be analyzed with emphasis
on rate structuring and taxation policies as they affect water use. Under-
standing these interrelationships would improve the ability to predict
industrial/population location decisions and the associated revenues generated
in relation to water quality.
NEED: SEP 16-1
Assessment of the Relationship Between Great Lakes Transportation and
Industrial Population Location and Water Quality
OBJECTIVE:







To assess rates and policies to determine competitive advantages.
To understand the impact of rate and taxation policies on the location of
population and industry in the Great Lakes region.





















































































































































































































































































































































































































































































































































































































































 m APPIIIIMHI III IIISIMIIIII mus
IIIINIIHIMIIIIN
INTRODUCTION
The Research Advisory Board
(Appendix B) at its Tenth Meeting, January
1975, established the Research Needs Committee, as a Committee of the Board,
to provide a focus for the development of reports on the research needs
concerning the quality of the waters of the Great Lakes System.
This report
is the first such effort of the Research Needs Committee.
The Terms of
Reference of the Research Needs Committee are contained in Appendix C.
The objectives of this report tie directly to the research advisory
functions and responsibilities of the IJC; i.e.:
(l) to identify objectives for research activities relating
to Great Lakes water quality, and
(2) to tender advice and recommendations concerning Great
Lakes water quality research to the Parties of the Great
Lakes Water Quality Agreement and to the state and
provincial governments.
These objectives relate in part to the Terms of Reference of the Research
Advisory Board, Section 2(a) Appendix D).
The specific objectives of this report are:
(l) to identify Great Lakes water quality issues and their
priorities, and
(2) to identify the key research needs to resolve these issues.
For the purpose of this report, a Great Lakes water quality issue is
defined as a perceived or anticipated problem of significant magnitude which
significantly affects the uses of the Great Lakes System, which requires
research for solution and which requires executive or political decision. The
most important uses of the Great Lakes resource include drinking water and
aquatic life, which are the most sensitive. Others include recreation,




























































One's perspective of the Great Lakes water quality system is fundamental
to the identification of issues and research needs to resolve the issues. The
Research Needs Committee discussed the subject of perspectives prior to the
development of the approach used in this report. Early in our deliberations,
a series of block diagrams was developed to depict the Great Lakes water
quality system. The three members of the Research Needs Committee had per—
spectives which varied in scale, scope, emphasis and detail. All three
perspectives were correct, but the issues and associated research needs were
incomplete relative to the total Great Lakes water quality system. A spectrum
of individual perspectives is required for completeness. As an example, one
perspective of the Great Lakes water quality system will be described.
Visualize the Great Lakes System comprising a physical system and an
aquatic ecosystem interrelated by dynamic physical, chemical and biological
. i .





   
    
  
 










Figure l. A Great Lakes Water Quality Framework.
Natural inputs of energy and materials modify the physical systemand the
aquatic ecosystem of the Great Lakes and these in turn affect human activities
and uses of the Great Lakes. The effects of human activities such as waste
loading, structural changes and water withdrawals also modify the physical
system and the aquatic ecosystem which in turn influence the uses of the Great
Lakes. One can include water quality management through plans, control
measures and decision—making processes which modify human activityinputs to
the Great Lakes System on the basis of information feedback pertaining to the



























the organization of the Great Lakes environment.




















disposal technology; water quality related economic activities;
and social,
political and institutional water quality related activities.
It was
further
perceived that a research needs document on Great Lakes water quality would be
more useful if it addressed the major issues of this four—component environment,
(i.e. ecological issues;
technological issues;
economic issues; and social,
political and institutional issues).
Our initial attempt at defining these
four categories of issues went through several iterations and involved inter-
actions with all members of the Research Advisory Board's Standing Committees.
A tentative list of some 56 issues was prepared by the Research Needs Committee,
with the assistance of a Research Needs Report Ad Hoc Work Group (Appendix E),
to span the total environment of Great Lakes water quality, see Table 4.
Admittedly, the items in the list were of variable merit; some are true issues;




In an early attempt to develop an information base upon which to write a
research needs report, a research needs form was developed and a mailing sent
to some 1,500 members of the "Great Lakes Community" including the Research
Advisory Board's Standing Committees, the Water Quality Board, its committees
and subcommittees, the Upper Lakes Reference Group, the Reference Group on
Pollution from Land Use Activities, the Dredging Group, and selected members
of the scientific community. A significant response was received. A list of
individuals submitting research needs is contained in Appendix F. Analysis of
this data base indicated that it was largely incomplete. The major deficiency
was that large gaps were apparent in the coverage of the Great Lakes water
quality system as given by the previous example above and as indicated by the
perceived issues in Table 4. Some of the documented research needs addressed
valid Great Lakes issues.
In order to fill some of the gaps and insure broader consideration of the
total environment of Great Lakes water quality in the development of the
research needs document, the Committee decided to host a workshop of invited
experts from federal, provincial, and state agencies, and university and
private institutions from the United States and Canada. The 56 issues in
Table 4 were divided into 13 relatively homogeneous groups to facilitate the
in—depth identification of the important issues within the assigned scope of
each group and subsequently, the research needs to resolve these issues. Each
of the groups was under the direction of a chairman; each group had a total of





in the workshop were individually selected to provide a
proper balance of capability
to address
the issues and research needs within
the assigned scope of the group.
Participants were
chosen from the Research
Needs Committee,










































































































































































































































































































































































































































































































































































































workshop and those of medium or low priority should neither occupy the time
of participants at the session nor should such issues be of concern to the
Research Advisory Board.
To deal with issues which fall into the medium and
low priority categories would diminish the attention which should be placed
on the most critical ones.
Likewise, the research needs identified for each
issue are also only the most important.
Research needs of low priority are
purposely not brought forth.
Development of priorities for issues was a multi-stage process while the
development of priorities for research needs was a single stage process.
Work groups were asked to consider a Set of Great Lakes water quality issues
which had been prepared by the Research Needs Committee, Table 2. The groups
were asked to discuss and critically review the issues and to arrive at the
set within the assigned scope which they perceive to be of the highest priority.
The first step in the ranking process was, therefore, accomplished by the
group of experts for the problem area; they eliminated non—issues, added
important ones missed, and were restricted by time to work only with important
ones.
Each identified Great Lakes water quality issue was documented by the
group responsible for it and the research needs of highest priority associated
with it were identified. The group ranked these high priority issues and
research needs as to whether each was critical, essential or necessary. No
modification of these rankings of research needs within the various issues
was attempted as it was felt that the experts in the groups were best qualified
for this task. After all issues had been documented by the groups, a second
ranking of the issues took place within three categories: (1) ecological, (2)
technological, and (3) social, economic and political. Each participant of a
panel (see Appendix H) gave a preliminary ranking to all issues within that
category area. The preliminary rankings were tabulated and some issues were
discussed in a meeting of panel participants. The participants each developed
a final ranking for all issues within the categories.
The rankings for the issues within categories utilized the same ranking
basis as did the ranking of priorities of the research needs within issues.
Issues not of highest priority had been eliminated by the groups and only the
most important issues were considered in the ranking process. Of the ranked
issues, the most important were ranked critical, the next mostimportant were
ranked essential and the next were ranked necessary. Again, it should be
noted that all these issues were considered to be of high priority and the




Following the rankings within the three category areas, no further
grouping of the issues into a single list with new priorities was attempted
since it was believed that means of combining these sets of issues were
subjective. The ranking criteria were not believed to be consistent among the
three panels.
In processing the issues for this report, a rank value was obtained as a
weighted average of the frequency distribution of panel ranks with a weight
of 3 for critical issues, 2 for essential and l for necessary. It should be
noted that some panel members considered some issues to be of lower priority
rank than necessary and were given a rank of zero. This same process was
used to rank order research needs within each issue into the groups critical,
essential and necessary. In the editing process, the Research Needs Committee
combined many issues and needs and deleted others. A normalizing process was
applied to categorize the priority of the rank ordered issues and needs.
In developing this document, the Research Needs Committee discovered
duplications and related issues and needs which the Committee combined.
These changes affected the rank order of the issues and needs identified by
workshop participants. Therefore, the original system of ranking as critical,
essential and necessary was chosen for use in this document and only the
issues are ranked.
It should also be noted that no attempt was made to mix the rankings of
ecological issues, technological issues and social-economic—political issues.
While the same guidelines were given all three panels, the individual per—
ceptions of the rankings in terms of critical, essential and necessary appeared
to differ.
No attempt should be made, therefore, to combine the issues of
the three major categories. Workshop planners anticipated that differences













































0 Priority 2: Recreation and Aesthetics, Industry and Agriculture




4-0-0 Social, political, institutional issues
GROUP 1—0-0 Ecological Issues
Oxygen depletion (nutrient enrichment)
Beach fouling with CZadophora (nutrient enrichment)
Algal blooms (nutrient enrichment)
Sediment load (physical hazard)











II 1—7—0 Chlorinated hydrocarbons (chemical hazard)
1-8-0 PCBs (chemical hazard)
1-9-0 Phthalate esters (chemical hazard)
l-lO-O Pesticides (chemical hazard)
l-ll-O Refractory organics (chemical hazard)
III 1-12-0 Radionuclides (chemical hazard)
1—13—0 Heavy metals (chemical hazard)
1-14-0 Asbestos (physical hazard)
IV 1-15—0 Microorganisms; e.g. fungi, molds (biological hazard)
1-16-0 Virus problems (biological hazard)
1-17-0 Bacteria (biological hazard)
V 1—18-0 Processes research
l-N-O Research Needs of N (-18) Ecological Issues
l-N-l Effects on biota (e.g. toxicity, sublethal, accumulation)
l-N-2 Budgets
1—N-3 Source identification
l-N—4 Transport and dispersal
l-N—S Fates, transformations and degradation
l-N—6 Rate determination
1-N—7 Exchange mechanisms (water, air, land, sediment and biota)
1-N—8 Distribution and variability
1-N—9 Simulation and prediction of water quality, aquatic
ecology and responses
l-N—lO Analytic sampling and measurements
l-N—ll Data acquisition and monitoring (include biological





























































































Land disposal of wastes (e.g. virus survival)
Water supply
Regionalization of sewage systems
Sewer separation
Treatment of combined industrial-municipal loads
Urban storm runoff (e.g. treatment vs. source reduction)
Treatment of hazardous substances
Non-sewered domestic waste disposal (e.g. cost effective
treatment systems for individual homes applicable to
all drainage situations, boats)
Dredging and dredge spoil disposal
Oil spills
Water level regulations (effects)
Cooling water use
Research Needs of N (=16) Technological Issues
Assess or predict loads
Predict costs
Predict impact
Develop improved technology and management procedures
Systems studies of alternatives
Economic Issues (Water Quality Related Activities)





Energy production — power plants
Construction (public or private works)





















Systems studies of alternatives
















































RESEARCH NEEDS OF GREAT LAKES WATER QUALITY ISSUES
 
Issue Number: (Group - Sequence) —
 
Descriptive title of Issue
Statement of Issue in relation to water quality:
Importance of Issue from a social, economic or ecological point of view:
(3 is highest, list
frequency of group
members by category)
Identify rank of Issue: 1. 2. 3.
Issue Number: (Group — Sequence) —
Descriptive title of Research Need No. :
Research objective (what specifically is needed?):
Identify rank of Research Need: 1. 2. 3. (3 is highest, list
frequency of group
members by category)
Descriptive title of Research Needs No. :
Research objective:
Identify rankof Research Need: 1. 2. 3.
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Monday, March 1, 1976
9:00 — 11:00 A.M.












— Product, Guidance, and Logistics
— Questions and Discussion
Group Meetings begin to identify Great Lakes
water quality issues and research needs within
these issues, and to document issues and
research needs
Dinner
— Discussion of Progress
Groups Reconvene











Research Needs Committee begins review and
coordination of issues and research needs
documentation, visit Groups to determine status
Buffet Lunch




Groups Reconvene to complete documentation







































Wednesday, March 3, 1976
 
7:30 - 8:30 A.M.
8:30 A.M.







— Guidance and Handout
- Questions and Discussion
Participants rank all Issues within category
(i.e. Ecology; Technology; Economic, Social,
Political and Institutional) n (13 Group Rooms)
Panel Session for Prioritization
— Poll, Discuss and Tune Rank Dispersion
o Ecological Issues
0 Technological Issues
a Social, Economic and Political Issues















 WﬂHKSIIIIP PANHS llSl
TECHNOLOGZ_PANEL
Dr. H. E. Allen (Panel Chairman —
RAB Member)
Mr. S. A. Black (Gr. VI)
Dr. J. Convery (Gr. VII)
Mr. P. D. Foley (Gr. VIII)
Dr. R. Hartung (Gr. VIII)
Prof. G. Fred Lee (Chairman, Gr. VIII)
Mr. J. H. Neil (Gr. VIII)
Prof. J. W. Patterson (Gr. VI)
Dr. K. J. Roberts (Gr. VI)
Dr. N. W. Schmidtke (Chairman, Gr. VI)
Mr. T. J. Tofflemire (Gr. VII)
Mrs. A. Vajdic (Gr. VII)
Prof. J. Weber, Jr. (Chairman, Gr. VII)
Prof. T. D. Wright (Gr. VIII)
ECOLOGICAL PANEL
Dr. E. J. Aubert (Panel Chairman -
RAB Member)
Dr. C. Anderson (Gr. XIII)
Prof. D. E. Armstrong (Chairman, Gr. X)
Dr. A. M. Beeton (Chairman, Gr. I)
Dr. V. J. Bierman (Gr. V)
Mr. F. T. Brezenski (Gr. IV)
Dr. W. A. Brungs (Gr. III)
Mr. W. J. Christie (Gr. I)
Mr. B. J. Dutka (Chairman, Gr. IV)
Dr. D. N. Edgington (Gr. III)
Dr. G. W. Fuhs (Gr. XIII)
Dr. D. Hallet (Gr. II)
Dr. P. V. Hodson (Gr. III)
Dr. S. R. Kerr (Gr. V)
Dr. M. S. Mahdy (Gr. IV)
Prof. D. C. McNaught (Gr. V)
Dr. C. H. Mortimer (Chairman, Gr. V)


































Mr. R. A. Ryder (Gr. I)































SOCIAL, ECONOMIC AND POLITICAL PANEL
Mr. J. D. Roseborough (Panel Chairman -
RAB Member)
Mr. A. Appleby (Chairman, Gr. XI)
Mr. J. Arbour (Gr. IX)
Ms. M. Becker (Gr. IX)
Dr. Patricia Borden (Gr. XI)
Mr. R. Brander (Gr. XI)
Mr. L. T. Crook (Chairman, Gr. XII)
Prof. R. Lichty (Gr. X)
Prof. P. D. Marr (Gr. XI)
Prof. N. Pearson (Chairman, Gr. IX)
Mr. W. Pomeroy (Gr. X)
Mrs. Evelyn Stebbins (RAB Member)
Prof. R. Stewart (Gr. IX)
Mr. J. Swaigen (Gr. XII)
Dr. J. Vallentyne (RAB Member)
Ms. Dana Vindasius (Gr. XII)
Dr. A. E. P. Watson (IJC Secretariat)
